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(54) Kit for immunologically assaying biological substance and assay process 

(57) An immunoassay kit and an immunoassay 
process are provided that enables a convenient assay 
of a biological substance without inducing prozone phe- 
nomenon. The immunoassay kit comprises at least 
magnetic particles (A) immobilized with a substance 
that immunologically binds to the analyte substance; 
and non-magnetic particles (B) immobilized with the 
analyte substance. The immunoassay kit may further 
comprise magnetic particles (C) immobilized with a sub- 
stance that immunologically binds to an assay interfer- 
ing substance in the sample. The immunoassay 
process of the present invention is carried out by react- 
ing the sample with the particles (A) and (C), and with 
the particles (B); collecting the magnetic particles that 
failed to react and that are in the form of immunocom- 
plexes; and measuring absorbance of the non-magnetic 
particles remaining in the reaction solution. The analyte 
in the sample is quantitatively determined by referring to 
the calibration curve that has been prepared by using 
the standard samples of the analyte substance. 
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are also disclosed that the SrtwTSS I It b?^* ?f ^'f 1 °' ***** * the Sample solution - ™« 
,5 complex may be carried oCSZ.^SC' * " *" ^ 

Japanese Patent Application Laid-Open No 3fl99iuiPfldRo h; Ji^III suostance. 
reaction solution are evaluatS fafSSllT^ , 0n: and the non «« n «c particles remaining in the 

.^e e aS^^ 

wasning steps we,, indispensable inle sbXe^ss" CasS, procedte? SeK " a " >n *" SUbSe< ''" im 

SZT*"** assa '' sascsM " ilh »« l "»^i''»'econcen ra ,onof ft ean MyK 

prozone phenomenon as shown in FIG 1 In FIG i *r»r!Jf*T ruptr ™ ° n on the absorbance curve, so called 
catedbyanarrow. V the P 3 ^ of ^ curve exh, bl tng the prozone phenomenon is indi- 
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Furthermore, the sample to be assayed may contain a number of biological substances in addition to the analyte 
substance, and some of such biological substances may interfere with the assay results. Conventional assays as 
described above required such assay-interfering biological substances to be removed before the assay since presence 
of such substance resulted in poor assay precision, and hence unreliability of the assay. 

5 

SUMMARY OF THE INVENTION 

The present invention has been completed to obviate the situation as described above, and an object of the present 
invention is to provide an assay kit and an assay process that provides an ascending calibration curve where the 
io absorbance increases with the increase in the concentration of the analyte substance with no prozone phenomenon 
even if washing step were omitted, and that is highly reliable showing an excellent assay precision. 

According to the present invention, there is provided a kit for immunologically assaying an analyte biological sub- 
stance in a sample by utilizing an antigen-antibody reaction comprising 

insoluble magnetic particles immobilized with a substance that immunologically binds to the analyte substance; 

is and 

insoluble non-magnetic particles having an absorption wave length of a particular range immobilized with the 
analyte substance. 

The immunoassay kit of the present invention may further comprise insoluble magnetic particles immobilized with 
a substance that immunologically binds to a substance in the sample that interferes with the assay. 
20 Furthermore, there is provided by the present invention a process for assaying an analyte biological substance in 

a sample by utilizing an antigen-antibody reaction comprising the steps of 

(1) mixing a dispersion of insoluble magnetic particles immobilized with a substance that immunologically binds to 
the analyte substance and a dispersion of insoluble non-magnetic particles having an absorption wave length of a 

25 particular range immobilized with the analyte substance with the sample in an arbitrary order to produce a mixture; 

(2) applying a magnetic field to said mixture to collect complexes of said magnetic particle and said analyte sub- 
stance formed in said mixture together with the magnetic particles that failed to bind immunologically; and 

(3) determining concentration of said non-magnetic particles by measuring their absorbance. 

30 In the immunoassay process of the present invention, insoluble magnetic particles immobilized with a substance 
that immunologically binds to a substance in the sample that interferes with the assay may be further added to said mix- 
ture; and complex of said magnetic particle and said assay interfering substance formed in said mixture may also be 
collected by the magnetic field. 

35 BRIEF DESCRIPTION OF THE DRAWINGS 

^ FIG. 1 shows a calibration curve depicted in a typical conventional immunoassay. Occurrence of prozone phenom- 

enon is demonstrated by the calibration curve. 

FIG. 2 is a schematic view showing the procedure of the immunoassay of the present invention wherein the analyte 

40 antigen in the sample and the non-magnetic particles immobilized with the antigen are competitively reacted. Two 
cases with different contents of the analyte antigen are shown to explain that such difference will result in a difference 
in the amount of the non-magnetic particles remaining in the reaction container. 

FIG. 3 shows a calibration curve depicted by measuring absorbance of standard CRP samples of known concen- 
trations at a wavelength of 570 nm. 

45 FIG. 4 shows a calibration curve depicted by measuring absorbance of standard Lp(a) samples of known concen- 
trations at a wavelength of 570 nm. 

DETAILED DESCRIPTION OF THE INVENTION 

so Next, the present invention is described in further detail. 

The kit of the present invention for immunologically assaying an analyte biological substance in a sample by utiliz- 
ing an antigen-antibody reaction comprises insoluble magnetic particles immobilized with a substance that immunolog- 
ically binds to the analyte substance (hereinafter referred to as magnetic particles (A)); and insoluble non-magnetic 
particles having an absorption wave length of a particular range immobilized with the analyte substance (hereinafter 

55 referred to as non-magnetic particles (B)). These particles may be in the form a dispersion. 

In the present invention, the samples containing the analyte substance to be assayed by utilizing the antigen-anti- 
body reaction may typically be a human or animal body fluid. Such body fluids include whole blood, serum, plasma, 
urine, lymph, spinal fluid, articular fluid, saliva, perspiration, milk, gastric juice, pancreatic juice, intestinal juice, bile, and 
tear. 
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hi J^Til? if '"l^' USe ° f the PreSent inventi0n iS advanta 9eous for assaying colored samples such as whole 
jZt ^ , 6 that previous, y rec l uired a Pretreatment before the assay, and in particular, for assaying 

whole blood since only a minute amount of the sample is required in the present invention. 

s ct a nl? 6 analyt ? subs ^ nce to be "ay be either an antisen or an antibody in the sample. When the analyte sub- 

T^nZT "ST' an K 9Sn mUSt h3Ve 3n antib0dy pr0duCin9 ^ substance that immunologically binds to 

2 to* Stf anC l^f y 3n t nti9en ° r 30 anfib0C * that ■P««a*y binds to said analyte antigen or antibody, and 
in the case of the antibody, it may be an anti-antibody. 

^^'f .f' 6 genera,| y classified into polyclonal antibodies and monoclonal antibodies- and into 5 classes 

» rSl^JSEJ^'f ' ,9 °- SiPCe ^ "*"* iS 3 Pr0t9n ' an antib0dy feeH has -munogenTciy or j££ 
»o ity. and the antibody itself may serve as an antigen. y 

fen ? a h a a n rl 9 ST ay 56 4 emp ^ yed in the present invertion include 106 antibodies as described above, and in addi- 
tion. Fab and F(abfe fragments produced by cleaving the above^escribed antibodies with papain or pepsin Y -globulin 

o£ T 9r r^SfT; M ° re i,,ustrativel * the anti 9 en s that may be used include albumin; HCgWmSS 

aninfn m1 T% 7 *?*■ fet0protein >' CEA (carcinoernbryonic antigen). CRP(C-reactive protein). cJdioJpS, 
antigen. HBs(hepat.t.s B surface antigen), human growth hormone, hemoglobin. Lp(a), (lipoprotein (a)) and other pro- 
teins; Apo-AI. Apo-AII. Apo-CII. Apo-C.ll. Apo-B. Apo-E. and other apolipoproteS; blood group subLnces^at aTe 

™ ,o" T ClUdin9 A anti9en ' B anti96a ° anti9en - LeS antiaen ' Leb anti 9 en ^d the like; and steroid hor- 

mones, concanavahn A. vanous prostaglandins and other haptens that are bound to a carrier; and the like 

^J^JrtT' 6 ^ may .1 e emP ' 0yed in 106 preS6nt invention also include anti-albumin antibody. anti-Lp(a) anti- 
body. anto-CRP antibody anti-human growth hormone antibody. anti-HCG antibody. anti-AFP antibody. anti-CEA anti- 

^^ , ; n r?r> I COa ?^ a ° n facto ; antib °dy anti-HBs antibody, and other antibodies against proteins etc.; anti-lgA 
Trl™.^ [ 9 a -K^ y ' ant "' 9G Bntib0d * antM9E antib0dy - anti - ,9D antibod * anti-y-globulin antibody and other 

ant " M h0rm ° ne antb0dy antibody' and other 

25 In the present invention, non-magnetic particles are immobilized with the analyte antigen or antibody and such 
non-magnetic particles or such non-magnetic particles dispersed in an aqueous solution are combined with the mag- 

ZSEF? W 33 h H ^r' 56 " b8l0W t0 C ° nStitUte W f ° r ™o,ogica.ly assaying the biolo^ca subSanS 
and the thus prepared kit is used for the immunoassay 

or an^norg^nrSn^ 0168 ** ^ ^ *" PrW8 " t inVenti ° n may C0mpriS6 a " ° rQanic po,ymer substance 

tn» Sn^mZ P3 2 iC l eS ° f °. 9 f iC substances inc,ude 9 elalin Particles, polystyrene particles, styrene-butadi- 

Z^rr f and f^ne-fmefrOacrylate copolymer particles, and these particles may be prepared in me 
form of a latex by emulsion polymerization. ' ffle 

« • , ^ X6 ^ la J ry monomers th at can be used for preparing the (meth)acrylate copolymer particles as mentioned above 
35 mclude 2-hydroxyethyl (meth)aory.ate. 2-hydroxypropyl (meth)acrylate. 1-methyl-2 i^ethyl (miS^elh^ 
erol monomethacrylate. 2-acrylarnide-2-meth y .propanesu.fonate, 2-su.foethy. ^ao^a^SS^m^l 

^J^T a %£^? PTOP * methacr " ate ' acid Phosphoxypropy. methacrylate. J^SSSSl 
butyl meth)acrylate, .-butyl (meth)acrylate. 2-ethylhexyl (meth)acrylate. lauryl methacrylate, cyclohexyl methacrylate 

40 SSS etc. N ' methyl01 ^^^-^e. glycidy. (meth)aaylate^ mSSS 

Exemplary inorganic substances include silica, alumina, and titania. 

The non-magnetic particles should have a particular range of absorption wave length, and such particles are oref- 

S o ^Z l^" V " ST The PartiCU ' ar abSorption ?an9e of *• wa 3 e lejth s K, 

190 to 1 .000 nm. and absorption peak should be included within the range. The colorant added should be the one that 

ZlZTZlT meaSU ; em6 K °? e abS ° rt5anCe Within "* ran9e - *• wave of the coloTanUhat woS 

S^dlSr? absorbance at a wave length in the range of from 350 to 700 nm is particularly preferred 
since detection of the ultraviolet absorption by the proteins in the sample would be prevented 

2^>°I neCeS ff/ y tnat * e "on-magnetic particles are colored, and the non-magnetic particles may be opaque 
< n £ ! Z6 ^l non - ma gnetic particles is not limited to any particular range, and may preferably be in the ranqe 

SSI in, "T: ^ Pre,erably • fr ° m 01 10 30 » m 706 non-magnetic partic.L having a ^cie s ze of 
less than 0.01 ^m are likely to undergo agglutination upon immunization with the antibody, and in additio^ection by 
centrifugation of such particles is rather difficult. On the other hand, the non-magnetic particles having a partide size irt 

ESZL P T iPit f " r 391,60118 SO,Uti ° n " 3 Sh ° rt Peri0d ' and such ^ ^0^ toe toaS^ 

that allows the particles to undergo the antigen-antibody reaction. 

The magnetic particles used in the present invention are those magnetized by incorporating a magnetic substance 
such as iron or a magnetic iron ox0e in the above-described particles of the organic polymer «*Z5^SjS 
sub jance. or by coatmg the nucleus of the above-described particles of an organic polymer substance or an no gan c 
substance with a ferrrte to thereby produce ferrite-coated particles. inorganic 
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The magnetic particles may preferably have a particle size in the range of from 0.01 to 100 \in\, and more prefera- 
bly, from 0.1 to 30 pim. The magnetic particles of less than 0.01 \im in size are difficult to prepare, and even if prepared, 
such particles are likely to have insufficient susceptibility for collection by magnetism. The magnetic particles having an 
average partide size in excess of 100 \im will suffer from insufficient dispersibility due to their excessively large surface 
5 area, leading to reduced assay sensitivity. 

In the present invention, the magnetic particles may be those prepared by further coating the magnetic particles 
that have been prepared as described above with a polymer. 

The polymers that may be used for such coating treatment include synthetic polymer such as silane, Nylon and pol- 
ystyrene; natural polymers such as gelatin, chitin, and other proteins, and natural rubber; and copolymers and mixtures 
io thereof. 

In the present invention, the non-magnetic particles are immobilized with the above-described analyte substance 
present in the sample, and the magnetic particles are immobilized with the substance that immunologically binds to the 
analyte substance, and the resulting particles are the magnetic particles (A) and the non-magnetic particles (B), 
respectively. 

is The sample specimen may contain biological substances such as erythrocytes, hemoglobin, bilirubin, and the like 
as well as drugs such as phenobarbital, phenytoin, digoxin, imipramine, theophylline, penicillin, and the like, and such 
substances in the sample specimen should interfere with the assay to adversely affect the sensitivity and the accuracy 
of the assay. In the present invention, magnetic particles immobilized with a substance that immunologically binds to 
such assay-interfering substance (hereinafter referred to as magnetic particles (C)) may be prepared and added to the 

20 assay system in addition to the magnetic particles (A) and the non-magnetic particles (B) to thereby remove the sub- 
stance that may interfere with the assay. The magnetic particles used for the preparation of the magnetic particles (C) 
may be selected from those particles that are used for the preparation of the magnetic particles (A). It is also possible 
to use two or more types of the magnetic particles (C) for the assay. 

In the present invention, the substance that "immunologically binds" to the analyte substance or the assay-interfer- 

25 ing substance is the substance that "specifically binds" to such substance. When the analyte substance or the assay- ... 
interfering substance is the above-mentioned antigen, the substance that "immunologically binds" to such an antigen is 
an antibody against such an antigen, and when the analyte substance or the assay-interfering substance is the above- 
mentioned antibody, the substance that "immunologically binds" to such an antibody is an antigen or an anti-antibody 
against such an antibody. 

30 The procedure of loading or immunizing the particles as described above with the analyte substance or the sub- 
stance that immunologically binds to the analyte substance does not differ whether the particles are magnetic or non- 
magnetic, and the analyte substance or the substance that immunologically binds to the analyte substance may be 
physically adsorbed on the particles or chemically immobilized on the particles. 

More illustratively, the physical adsorption may be carried out by reacting said antigen or antibody with said parti- 
es cles in an adequate buffer solution. The buffer solutions that may be used in such reaction include phosphate buffer 
saline, Tris-HCI buffer solution, and carbonate buffer solution. An adequate buffer solution that may fulfill an appropriate > 
buffering action may be selected depending on the pH required for the adsorption reaction. The reaction will readily pro- 
ceed when the particles are mixed with the analyte substance or the substance that immunologically binds to the ana- 
lyte substance at room temperature, and the particles immobilized with the desired substance will be produced. 
40 Chemical loading may be carried out by employing carbodiimide method or glutaraldehyde method used in the so- 
called peptide binding process to thereby obtain the particles immobilized with the desired substance. 

The antibodies immobilized on the particles may be either polyclonal or monoclonal, and may typically be an immu- 
noglobulin of rglobulin, IgG, IgM or other classes, or a fragment such as F(ab')2, Fab* or the like. 

The antigen immobilized on the particles may be a cell debris, a hapten bound to a carrier, a protein, an immuno- 
45 complex, a natural or synthetic high-molecular weight antigen. The carrier used for chemically binding with the hapten 
may be an exogenic protein such as alubumin. 

The amount of the antigen or the antibody immobilized on the particles may considerably differ by such factor as 
the type of the particles, and in general, the adequate amount selected is in the range of from 0.001 mg/m! to 20 mg/ml, 
and preferably, from 0.005 mg/ml to 5 mg/ml. 
so The particles immobilized with the immunologically binding substance are then dispersed to 0.01 to 10% by weight 
in an aqueous medium such as phosphate buffer saline or Tris-HCI buffer solution that may optionally contain BSA 
(bovine serum albumin) or other serum, and the particles are used in the form of a latex suspension to constitute a part 
of the immunoassay kit of the present invention. 

As described above, the immunoassay kit of the present invention may comprise at least the magnetic particles (A) 
55 immobilized with a substance that immunologically binds to the analyte substance, and one or more types of the non- 
magnetic particles (B) immobilized with the analyte substance. 

The immunoassay kit of the present invention may further comprise one or more types of the magnetic particles (C) 
immobilized with a substance that immunologically binds to the substance in the sample that interferes with the assay. 
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N^^MthM form °* 3 diSperSi0n ' the dis P ersion ™* ^ve optionally added an antiseptic such as 

The immunoassay kit of the present invention may further comprise a standard sample used for depicting the cali- 
^™ e ; an ,^ UeOUS ? IUti0 ? ? dilUtin9 the Standard 8amp,e: "« an ^ ueous solution tor fluting the sample 
as mentioned above. The aqueous medium that may contain the magnetic particles or the non-magnetic particles as 

SJJSJT*"! ? "f ? depictin9 lhe calibration curve - the buffer so,ution for the *w- 

2£j£ i 3 1 . T SO,Ut, °" 1,16 d,,ution of sam P' e ™y b * respectively stored in a surface treated glass 
container or a plastic container made from, for example, polypropylene. 

The assay process of the present invention comprises the steps (1). (2) and (3) as will be described below 

with ^TamplLTsTep^T * *" * "** P3rtiC,eS ( A) *" (B) 35 deSCribed ■ bwt are mixed 

With regard to the amount of the particles used, the magnetic particles (A) immobilized with the substance that 
.mmuno.ogica.ly binds to the ana.yte substance in an amount in the range of from 1/4 to 4 volumes may SuS oIm 
£1? ° h non - n ; a 9 netic P artides < B > immobilized with the ana.yte substance in view of the efficiency of the reaction 

a! ma9 ^ Pa r d f S (A) wilh the ^-Wtic Particles (B). More preferably. 1 to 4 volumes of the magnetic 
partides (A) is used per 1 volume of the non-magnetic particles (B) 

^^1%!^' (B) , and * he !m,ple may be mixed in an arbitrar y orcler - Preferably, the magnetic particles (A) is 
m?Z S.'ST T 1 ^ non - ma 9 netic P artides « ^ then added to the mixture, in another preferable 
the nSu?e n ° n " ma9ne1 ' C part,deS (B) is ,irst mixed with the sa mple. and the magnetic particles (A) is then added to 

As mentioned above, the magnetic particles immobilized with the substance that immunologically binds to the 
assay-interfering substance (C) may be mixed with the magnetic particles (A) and the non-magnetic partteS (B) In 

preferably, from 1 12 to 2 volumes per 1 volume of the non-magnetic particles (B). 

n^^XJ^^/!? 3nd (C ? may 56 miX6d in an arbitrary order Prefera bly. the magnetic particles (C). the mag- 
£££ l VT t ?m SamP ? ^ m ' Xed t09S,her t0 ** promote *" reactions therebetween before adding the 
non-magnetic particles (B) ,n order to attain a satisfactory assay sensitivity and reproducibility More preferably the 

3S?^ 0 n C Hf ,irSt r SamP ' e ' and ^netic partSe (A) ifthen addSto £ SS e to fSy 
promote the reaction before adding the non-magnetic particles (B) 

wouSena^r^ 

tie. J?a\Th ^r' 6 ^ 66 thS ran9e ° f fr ° m 1/60 10 1/3 volume P er 1 volume ° f the magnetic par- 
ticles (A), and if desired, the sample may be diluted with a buffer or the like 

The procedure of mixing the particles with the sample is generally carried out at room temperature (20 to 30»C) 
However the reaction system may be healed to 30 to 40»C to accelerate the immunological binding reaction between 
s^l^hTreag^ °" PartiC,6S ana,/,e SUbStanCe - ° r alte -atiVely^o.ed to 4 to 20? to !S 

r ™ e taction period between the particles and the analyte substance is not limited to any particular range The 

n!S. £ °1 V° 60 minUteS * hOWSVer ' iS P referable since the immunoreaction should be substantial com- 
pleted wrthin such period and the assay sensitivity and reproducibility would not be impaired DSia ™a«y com 

and ^J2 r °l t iL aS ^ y0f J* ,e ? reSSnt inVenti ° n iS the *" ° f ***** "^S^etic field to the mixture of the particles 
and the sample obtained in the above-described step (1). 

in nnn^ «° f T ma9 " el , ic 1 ,ie, f is not limited to any particular range, and typical intensity is in the range of 1.000 to 
Jk ' Wlume o of . tha mix,ure is Mm. A commercially available magnetic gatherer such as 
GATHERIN manufactured by Nippon Paint Co.. Ltd. may be employed 

bnnrlrf P W " ^ 7°™*? W "* (C) faiied t0 reac,; ^ e ma 9 netic P"**" ( A > immunologically 
bound to the non-magnetic particles (B); the complex formed between the magnetic particles (A) and the analvte sub 

byTanToS 

s^^^xs:^^:^ - r n ™ period of time - - ** 1 

mea^rinTaSnrTZTL 0 * ^ 7™ a9ne « c P artides < B > escaped the magnetic collection is determined by 

measuring absorbance at a wave length .n the range of from 1 90 to 1 .000 ran. and preferably from 350 to 700 nm When 

T^Sby t^S^ 0 CO ' 0rant 38 menti ° ned " W ° Uld b6 Pre,6rab,e to use the wave 'engthuS 

subs^ncT^he a santple rOCeSS °' PrSSent inV6nti ° n * CaPah ' e ^ qualitatively or ^antrtatively assaying the analyte 
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When the analyte substance is quantitatively assayed, a calibration curve is first depicted by preparing a series of 
standard samples each containing the analyte substance of a known concentration and measuring the absorbance at 
the above-described wave length, and subsequently, the sample containing the analyte substance of unknown concen- 
tration is quantitatively assayed by measuring the absorbance to thereby determine the concentration of the analyte 
5 substance by referring the calibration curve. 

When the analyte substance is qualitatively assayed, a predetermined amount of the particles immobilized with the 
substance that immunologically binds to the analyte substance is added to the sample, and the magnetic components 
are collected by magnetism as shown in FIG. 2. The presence or the absence of the analyte substance is thereafter 
determined by visual inspection with naked eye. 
io In the present invention, the immunocomplexes formed by the competitive binding of the analyte antigen and the 
antigen immobilized on the non-magnetic particle (B) to the antibody on the magnetic particle (A) are collected onto the 
side wall of the reaction container by the magnetic field applied, and the amount of the non-magnetic particles (B) 
remaining in the reaction system is detected by measuring the absorbance as shown in FIG. 2, and it is not the occur- 
rence of the agglutination that is measured in the present invention. Therefore, the present invention is free from the 
75 prozone phenomenon as described above. Since an increase in the amount of the antigen in the sample results in an 
increase in the amount of the immunocomplex formed between the magnetic particle (A) and the antigen in the sample, 
and hence, in an increase in the amount of the non-magnetic particles (B) remaining in the reaction system, the cali- 
bration curve depicted would ascend to the right. 

The present invention is based on the principle that the antibody on the magnetic particle (A) should preferentially 
20 bind to the free antigen present in the reaction system before the antigen bound to the non-magnetic particles (B) which 
is sterically hindered by the binding to the non-magnetic particle. In other words, it is the free antigen that preferentially 
binds to the antibody, and the antigen of the non-magnetic particle (B) then binds to the remaining vacant antigen-bind- 
ing sites, irrespective of the amount of the free antigen present in the sample. 

When the amount of the antigen present in the sample is small as in the case of FIG. 2b1 , amount of the complex 
25 formed by the binding of the antibody of the magnetic particle (A) and the antigen of the non-magnetic particle (B) will 
be increased, and consequently, the amount of the non-magnetic particle (B) remaining in the reaction container will be 
* decreased. The absorbance measured would then be reduced (FIG. 2c1). 

On the contrary, when a large amount of the antigen is present in the sample as in the case of FIG. 2fc>2, amount of 
< the complex formed by the binding of the antibody of the magnetic particle (A) and the antigen of the non-magnetic par- 
30 tide (B) will be reduced, and consequently, the amount of the non-magnetic particle (B) remaining in the reaction con- 
. tainer will be increased. An increased absorbance would then be measured (FIG. 2c2). 

As described above, in the present invention, positive correlation is present between the amount of the antigen 

, : present in the sample and the amount of the non-magnetic particles (B) remaining in the reaction container. In addition, 

the immunocomplexes formed will be collected by the magnetism irrespective of their sizes to enable the measurement 
35 of the remaining non-magnetic particles (B), and therefore, the assay is free from the prozone phenomenon associated 
that has with the conventional agglutination assay. 

Next, measurement of CRP (C-reactive protein) in whole blood sample by the assay process of the present inven- 
tion is described by way of an example. It should be noted that CRP is a p-globulin in serum whose amount increases 
during an inflammatory disease that involves tissue damage. 
40 When the sample used for the assay is whole blood, the sample contains erythrocytes, hemoglobin and the like that 
should interfere with the assay in addition to the CRP. In such a case, magnetic particles (C) immobilized with such sub- 
stance as an anti-erythrocyte antibody that specifically binds to the erythrocytes in the sample are used in admixture 
with the magnetic particles (A) immobilized with an anti-CRP antibody that specifically binds to the CRP in the sample 
and the non-magnetic particles (B) immobilized with the CRP. 
45 When the sample used for the assay is serum or plasma, use of the magnetic particles (C) is generally not required. 
However, in the case where hemolysis has occurred, it would be preferred to employ magnetic particles (C) immobilized 
with an anti-hemoglobin antibody. 

After mixing the three types of particles as described above at room temperature, the sample is mixed with the par- 
ticle mixture. CRP would then compete with the CRP immobilized on the non-magnetic particles (B), and bind to the 
so magnetic particles (A) immobilized with the anti-CRP antibody. The magnetic particles (A) immobilized with the anti- 
CRP antibody would preferentially bind to the free CRP in the sample to form the immunocomplex, and then to the CRP 
immobilized on the non-magnetic particles (B). The binding reaction is allowed to proceed for about 20 minutes. 

In the meanwhile, standard sample solutions of particular concentration range are prepared from the standard CRP 
solution for the purpose of depicting the calibration curve, and the thus prepared standard sample solutions are mixed 
55 with various particles as in the case of the assay sample to promote the formation of the immunocomplexes. 

Next, a magnetic field of the above-mentioned intensity is applied to collect the magnetic particles that failed to 
react and that are in the form of immunocomplexes. 

In the absence of the assay-interfering substances such as erythrocytes in the sample, the components collected 
by the magnetism would be the immunocomplex formed between the magnetic particle (A) and the free CRP in the 
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70 



75 



SX : £ e n^ 9 r tiC P . artid ! i ( f ) tei,ed t0 reaCt: and the ^""ocomplex formed between the magnetic particle 
(A) and the non-magnetic particle (B). H 

wnM l lTn e ,?! ie «f SSay " in, ! rferin9 substances is P fesent in sample, the components collected by the magnetism 
^C^Ta^TF** 6 2? *" fail6d t0 reaCti and the ™™"°«™P'e* formed between L magnefe pa" 

am . Aft f r /!T Collection of the ,ree magnetic particles and the magnetic immunocomplexes as described above the 

ZTtZ l* n0n - ma9 K n6t i C PartiCleS (B) remaining in *• tor calibration ° r ^sample to be assayed S deter 

mined by measuring absorbance at an appropriate wave length in the range of from 190 to i 000 nm 

™JJ^ M? an ° e measurements of ,he calibration samples are plotted to depict the calibration curve The CRP con- 

S£Z aS H y T*? determined b * «"P"*a the absorbance measurement of the assay sarnie wtth tte 
calibration curve and reading the C RP concentration therefrom. *««npie wnn me 

The assay may be-carried out in a substantially equivalent manner when CRP used in the foregoing descrintion is 
substituted Lp(a). which is a protein that increases at the onset of arteriosclerotic diseases des *'P*°n « 

invent^ 65601 inVen,i ° n * ^ d **" d by ^"i" 9 to the Examples " * no means the scope of the 
so EXAMPLES 
Example 1 

(1) Preparation of CRP immo bilized nnn-maonetic nartir.lgg 

25 

phate buffer saline, pH 7.4 containing 0.02% surfactant to a solid content of 1% (w/w) 

tratJn of 24 2™/,? * "h^ 8 add6d 1 °° ° f hUma " Semm ( manufa <*"<* by ATAB) containing CRP at a concen- 
so eSorSacfayT SPere ' 0n ^ 

L hS thu ^ mmobi,i2ed Aspersion was subjected to centrifugation at 1 2,000 rpm for 20 minutes to remove the suoer- 

s;^r;s ,,ated blue coioraj particies were resuspended in 1 mi ^^^71% 

nhtTlf P r0Ced r ure wa * repeated three times > an °" the particles were finally dispersed in the above-described phos- 
sa ne containmg 1% bovine serum albumin to prepare a dispersion^ (B-1) of the CRP immSS non- 
magnetic particles having a particle content of 0.2% (w/w). immoDiiizea non 

(2) Preparation of anti-CRP coat anti body immnhiii Te d magnetic p artite 

am w^TdSeSnl 2 SSSl' f TT™? ** C ° P0,ymer haVin9 a " 8Vera9e partic,e diameter of 1 35 
Mm were dispersed in 1 ml of phosphate buffer saline to a solid content of 1 % (w/w). To 1 ml of the dispersion was added 

?£SJ£ ^ ? RP 90atantiba * manufactured by ATAB), and the dispersion was sti^^parS we^e 
immobilized by storing the dispersion in a refrigerator for 3 days paniaes were 

nat-IT IITh fh imm ° bili ^ iSPerSi0n W3S Sub i ected to centrifugation at 1 2,000 rpm for 20 minutes to remove the super- 
setm atoumin PreQP ™* resus P ended in 1 ml P^te buffer saline containing 1% bTne 

nh-iTJ? pr ° Cedure was repeated times - and *e Panicles were finally dispersed in the above-described phos- 
2S£T °°' r ? 1% b ° Vine Semm a ' bUmin - ThS *P"* n WaS di,uted w «" the above-deSbed buffer 
so ^SSX^*™ (A " 1) * 9 ° at 3rtib0dy imm0bifeed ma9 " etic naving'a partS 

(3) Preparation Of anti-human erythrocyte antihnrl y immnhili^aH magnetic pprfr.inc 



35 



40 



45 



55 



Magnetic particles coated with a styrene-methacrylic acid copolymer having an average particle diameter of 1 35 

Srin T»ZT 1 m ' 1 Ph ° SPhate bUff6r Sa,ine to a solid «"«•* of 1 % To 1 ml of tEXerrntas 

a " aryth L OCyte rabbit antibod y (manufactured by ORGNON TEKNIKA; total pSe ^23 TmX« 
and the disperse was stirred. The particles were immobilized by storing the dispersion in a refrigeraS'for 3 dTys 
th u ™ nT^° n W3S . SUbjeCted t0 centr « u 9 ation a* ' 2.000 rpm for 20 minutes to remove the supernal She 
thus precpitated magnetic particles were resuspended in 1 ml phosphate buffer saline containing^ bSelt 
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albumin. The procedure was repeated three times, and the particles were finally dispersed in the above-described 
phosphate buffer saline containing 1% bovine serum albumin. The dispersion was diluted with the above-described 
buffer solution to prepare a dispersion (C-1) of the anti-human erythrocyte rabbit antibody immobilized magnetic parti- 
cles having a particle content of 0.4% (w/w). 

5 

(4) Preparation of kit 

A CRP assay kit was constituted from the dispersions respectively containing the CRP immobilized non-magnetic 
particles (B-1), the anti-CRP goat antibody immobilized magnetic particles (A-1), and the anti-human erythrocyte rabbit 
10 antibody immobilized magnetic particles (C-1 ) prepared in the above (1 ) to (3); a CRP standard solution (manufactured 
by ATAB) for preparing a calibration curve; and a buffer solution (30 mM phosphate buffer saline) for diluting the stand- 
ard solution. 

(5) Procedure 

15 

1) 50 |il of the magnetic particle dispersion (A-1), 50 \i\ of the magnetic particle dispersion (C-1), and 10 jjl! of sam- 
ple blood were dispensed into wells of 96 well mi cr opiate, and the reaction was allowed to proceed for 20 minutes 
at room temperature. 

Samples of known concentrations were also prepared for the purpose of depicting a calibration curve by using 
20 the above-mentioned standard solution, and 10 jjlI of the thus prepared sample was dispensed in the well instead 
of the sample blood together with the dispersions (B-1) and (C-1), and the reaction was allowed to proceed for 20 
minutes at room temperature. 

2) 100 uJ of the non-magnetic blue colored particle dispersion (B-1) was added to the reaction mixture of the above 
step 1) in the well, and the reaction was allowed to proceed for 20 minutes at room temperature. 

25 3) Next, a magnetic particle-gathering apparatus (GATHERIN, manufactured by Nippon Paint Co., Ltd.) was placed 
underneath the microplate to gather the magnetic particles for 5 minutes, and the reaction mixture was allowed to * 
stand at room temperature. 

4) The non-magnetic blue colored particles (B-1) that escaped the magnetic gathering were evaluated for the con- 
r * centration by determining the absorbance at 570 nm with a microplate reader (manufactured by TOSO). 

30 

Absorbance at 570 nm was also measured for the standard samples of known concentrations prepared in the 
,:. * above 1) to depict a calibration curve. The resulting calibration curve is shown in FIG. 3. 

As evidently shown from the concentration range of the calibration curve of FIG. 3, CRP content of the whole blood 
■:.«? can be determined at a high sensitivity by using a minute amount of the sample blood. 

35 

Example 2 

(1) Preparation of Lp(a) immobilized non-maanetic particles 

40 Non-magnetic blue-colored particles having an average diameter of 0.1 7 jxm were dispersed in 1 ml of 20mM phos- 
phate buffer saline, pH 7.4 containing 0.02% surfactant to a solid content of 1% (w/w). 

To 1 ml of the dispersion was added 0.25 mg of human Lp(a) serum (manufactured by IIC, 100 mg/dl), and the dis- 
persion was stirred. The particles were immobilized by storing the dispersion in a refrigerator for 3 days. 

The thus immobilized dispersion was subjected to centrifugation at 12,000 rpm for 20 minutes to remove the super- 
45 natant, and the thus precipitated blue colored particles were resuspended in 1 ml phosphate buffer saline containing 
1% bovine serum albumin. 

The procedure was repeated three times, and the particles were finally dispersed in the above-described phos- 
phate buffer saline containing 1% bovine serum albumin. 

The dispersion was diluted with the above-described buffer solution to prepare a dispersion (B-2) of the Lp(a) 
so immobilized non-magnetic blue colored particles having a particle content of 1% (w/w). 

(2) Preparation pf anti-Lp(a) goat antibody immobilized magneto pgrfeles 

Magnetic particles coated with a styrene-methacrylic acid copolymer having an average particle diameter of 1 .35 
55 nm were dispersed in 1 ml of phosphate buffer saline to a solid content of 1% (w/w). To 1 ml of the dispersion was added 
0.25 mg of anti-human Lp(a) goat antibody (manufactured by International Enzymes, 20.3 mg/ml measured by Becker 
method), and the dispersion was stirred. The particles were immobilized by storing the dispersion in a refrigerator for 3 
days. 



9 

DOCID: <EP 0724156A1_I_> 



EP 0 724 156 A1 



sion ^!l! h rJri 0biliZed ?i persion was freated ™* a "Wtic separator to remove the liquid content in the disper- 
sion, and the thus separated magnetic particles were resuspended in 1 ml phosphate buffer saline containing 

^S^SZ^ Pr ? CedUre W3S reP6ated *~ ,imeS ' and * e P^'Ss were fwgZ£XZ%£ 
descnbed phosphate buffer saline containing 1% bovine serum albumin. 

nr»t »n!^S >erSi ° n J^ S l ilUted ^ a*****^*** buffer solution to prepare a dispersion (A-2) of the anti-Lp(a) 
goat antibody immobilized magnetic particles having a particle content of 1% (w/w). ( ' 

(3) Preparation of anti-hu man eryth ro cyte a ntibody immnhilized manner. partite 

Magnetic particles coated with a styrene-methacrylic acid copolymer having an average particle diameter of 1 35 
0 2^T^T 10 1 m ' ° f PhOSphatS bUff6r Sa,ine t0 a solid of 1% < W A To i •* S '£ d speS was m!£ 

0 ^zizzr,T^^r^ and * e «~ was — 1 - e >-«- ~ ~K 

tiH J^ <te P«* i °n ^treated with a magnetic separator to remove the supernatant, and the separated magnetic par- 
ticles were resuspended ,n 1 ml phosphate buffer saline containing 1% bovine serum albumin T^e pSure was 

a ^ ^ iSPe ^. i0n T di,Uted Wfth abwe -described buffer solution to prepare a dispersion (C-2) of the anti-human 
erythrocyte rabbit antibody immobilized magnetic particles having a particle content of ?% (w/w) 

f4> Preparation of kit 

An immunoassay kit was constituted from the dispersions respectively containing the particles (B-2) (A-2) and (C 
2) prepared ,n the above (1) to (3); a Lp(a) standard solution for preparing a calibration curve and a bSe tolutten £ 
mM phosphate buffer saline) for diluting the standard solution. ai'on curve, and a buffer solution (30 

(5) Selection of wavelength for the measurement 

at JliS^i 8 Pr0fi ' e ° f , the non - maanetic blue c °'°^ particles (B-2) was depicted by scanning the absorbance 

SS^^ZFJS^ u,travi0,et ran9e t0 1 ' 000 nm in the visi — - 

(6) Procedure 

o! ?S .and" So mg^| by ^ ** ^ S ° IUti ° n « lh the b,ood to W concentrations 

2 £ we° f 5S52? ^ Ph ° SPhate bUff6r SaBne C ° ntainin9 1% ^ serum abumin were in welte 
plate^ 6 Standard ^ S °' Uti0n ^ a ' S ° miX6d With thS phosDhate buffer saline in oth er wells of the 96 well micro- 
3) 60 nl of the magnetic particle dispersion (A-2) and 20 |tl of the magnetic particle dispersion (C-2) were added to 

f ; T d ^ reaCti ° n W3S a " 0Wed t0 proceed for 10 minutes « room temperature 
4 20 Mi of the non-magnetic blue colored particles dispersion (B-2) was added to each well and the reaction was 
allowed to proceed for 1 0 minutes at room temperature. reaction was 

fL N fl ~,:, a P^^O 8 !"^ apparatus, GATHERIN was placed underneath the microplate, and the 

apparatus was turned on for 5 minutes to gather the immunocomplex formed by the Lp(a) antigen of the non-mao 

"S^ZTeTtT*** (E ?l and antib0dy ° f the ma9netiC ^ < A - 2 >- theSlinoooX of the e?^. 

A calibration curve shown in FIG. 4 was also depicted for the concentration in the range of from 0 to 100 ma/dl 
itrSTT* th trr°'l b,O0d Samp,6S Were read by referrin 9 *• above-mentioned ca.ib^n curve The 

£Z K2 iT 5 ) prepara,ion of *• ^ calibraton curve and for 016 who,e b,ood « 
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Table 1 



Lp(a) concentration in whole blood sample, mg/dl 


1 


10 


50 


100 


Absorbance measured 


0.09 


0.51 


0.94 


0.99 


Lp(a) concentration measured, mg/dl 


1.1 


11.3 


50.0 


100 



10 

As shown in FIG. 4, the calibration depicted for the Lp(a) ascends to the right as in the case of the CRR and no 
prozone phenomenon was observed. A measurement at a high sensitivity is thereby enabled. 

Furthermore, Lp(a) in whole blood could be quantitatively measured over a wide range from a low concentration to 
75 a high concentration without any pretreatment such as serum separation. 

As shown in the above-described Examples, the immunoassay process of the present invention has enabled a con- 
venient, quick assay at a high sensitivity without necessitating B/F (bound/free) separation as in the case of enzyme 
immunoassay or radioimmunoassay. 

20 Merits of the Invention 

According to the present invention, the immunocomplex formed between the anaiyte substance in the sample and 
the magnetic particles immobilized with the substance that would immunologically bind to the anaiyte substance may 
be removed by means of magnetism, and therefore, measurement of the amount of the remaining non-magnetic parti- 
es cles would provide a calibration curve that ascends to the right with no prozone phenomenon. A immunoassay kit and 
an immunological process using such kit that meet the commercial needs are thereby provided. 

The calibration curve obtained in the immunoassay process of the present invention is depicted not by detecting 
the presence of the agglutination but on the bases of the measurements of the amount of the non-magnetic particles 
remaining in the reaction solution after the collection of the magnetic particles by magnetism, therefore, the calibration 
30 curve depicted in the present invention does not exhibit prozone phenomenon as seen in the agglutination process. 
Furthermore, in the present assay process, the amount of the remaining non-magnetic particles is directly measured 
by means of absorbance, and no troublesome procedures such as B/F separation and the subsequent washing as 
required in the case of enzyme immunoassay or radioimmunoassay are required. Accordingly, use of the immunoassay 
kit of the present invention should enable convenient, quick determination of the concentration of the target anaiyte sub- 
35 stance. 

In addition, the immunoassay process of the present invention requires a quite minute amount of the sample for the 
assay, and measurement at a high sensitivity is possible even when the sample is whole blood. Therefore, the immu- 
noassay process of the present invention is particularly useful in such case as a new born baby wherein only a small 
amount of blood can be collected. 

40 

Claims 

1. A kit for immunologically assaying an anaiyte biological substance in a sample by utilizing an antigen-antibody 
reaction comprising 

<5 insoluble magnetic particles immobilized with a substance that immunologically binds to the anaiyte sub- 

stance, and 

insoluble non-magnetic particles having an absorption wave length of a particular range immobilized with 
the anaiyte substance. 

so 2. A kit for immunologically assaying an anaiyte biological substance according to claim 1 further comprising 

insoluble magnetic particles immobilized with a substance that immunologically binds to a substance in the 
sample that interferes with the assay. 

3. A process for assaying an anaiyte biological substance in a sample by utilizing an antigen-antibody reaction com- 
55 prising the steps of 

(1) mixing a dispersion of insoluble magnetic particles immobilized with a substance that immunologically 
binds to the anaiyte substance and a dispersion of insoluble non-magnetic particles having an absorption wave 
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length of a particular range immobilized with the analyte substance with the sample in an arbitrary order to pro- 
duce a mixture; H 

(2) applying a magnetic field to said mixture to remove complexes of said magnetic particle and said analyte 
substance formed in sa.d mixture together with the magnetic particles that failed to bind immunologically and 

(3) determ.n.ng concentrate of said non-magnetic particles remaining in the mixture by measuring their 



absorbance 

4. 



A process for assaying an analyte biological substance in a sample according to claim 3 wherein 

sarmle' theHnlL^Sr'' 65 irmcUi ^ a substance ** immunologically binds to a substance in the 
sample that interferes with the assay are additionally added to said mixture- and 

remov^^nSf *" ^ h — mixture iS 



5 0724156A1_L> 



12 




DOCID: <EP 07241 56AlJ_> 



13 



EP0 724 156 A1 



FIG. 2 
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